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Abstract

Objective—An International Classification of Diseases code-based case definition for non-fatal
abusive head trauma (AHT) in children <5 years of age was developed in March 2008 by an
expert panel convened at the Centers for Disease Control and Prevention (CDC). This study
presents an application of the CDC recommended operational case definition of AHT to US
hospital inpatient data to characterise the AHT hospitalisation rate for children <5 years of age.

Methods—Nationwide Inpatient Sample (NIS) data from the Healthcare Cost and Utilisation
Project from 2003 to 2008 were examined.

Results—Inspection of the NIS data resulted in the identification of an estimated 10 555 non-
fatal AHT hospitalisations with 9595 classified as definite/presumptive AHT and 960 classified as
probable AHT. The non-fatal AHT rate was highest among children aged <1 year (32.3 per 100
000) with a peak in hospitalisations between 1 and 3 months of age. Non-fatal AHT
hospitalisation rates for children <2 years of age were higher for boys (21.9 per 100 000) than girls
(15.3 per 100 000). The non-fatal AHT hospitalisation rate showed little variation across seasons.

Conclusions—To reduce the burden of AHT in the USA, a preventable public health problem,
concerted prevention efforts targeting populations at risk should be implemented. This report
demonstrates a model procedure for using the new CDC definition for public health surveillance
and research purposes. Such findings can be used to inform parents and providers about AHT (eg,
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dangers of shaking, strategies for managing infant crying) as well as to monitor better the impact
of prevention strategies over time.

INTRODUCTION

Abusive head trauma (AHT) is a serious injury resulting from assaults (ie, violent shaking
and/or blunt impact) on infants or young children leading to injuries to the head or brain.
This condition is known by many names depending upon the discipline and setting,
including shaken baby or shaken infant syndrome, shaken impact syndrome, infant
whiplash-shake injury syndrome, inflicted traumatic brain injury and inflicted, non-
accidental or intentional head injury. Depending upon the term used and how it is
operationalised, the corresponding measures of incidence, prevalence and clinical picture
can be quite different. For example, when surveillance of shaken baby syndrome is
conducted using the common triad of clinical symptoms (subdural haematoma, retinal
haemorrhage and cerebral oedema), cases of head trauma that may result from other
mechanisms can be excluded. Thus, in April 2009 the American Academy of Pediatrics
(AAP) officially recommended using “abusive head trauma’ to describe any assault-related
injury inflicted to the head and its contents among children.!

The range and severity of the health consequences for victims compound the public health
significance of AHT. This condition is one of the leading causes of child maltreatment-
related fatalities.23 It is estimated that between 50% and 80% of head trauma-related deaths
in infants and children <2 years old in the USA result from abuse.*® Previous estimates of
the population-based rate for serious inflicted head injury in children <2 years of age fall
between 14 and 19 hospitalisations per 100 000 person years.>~8 While injuries consistent
with AHT have been found in children as old as 5 years of age, the majority of victims are
<2 years of age and peak incidence is typically found at 3 months.4910

Although most victims do survive, the mortality rate in clinical studies has ranged from 13%
to 35%.11-14 The majority of AHT survivors suffer from significant physical disabilities and
neurological impairment, while only 10-15% have little to no impairment or disability.15-18
Common adverse outcomes include numerous cognitive and neurological sequelae including
motor and visual deficits, epilepsy and speech, language and behavioural problems, 161920

Despite the numerous studies that have been published on the epidemiology, clinical
manifestations and sequelae of AHT, routine surveillance (eg, measuring incidence,
examining temporal trends and demographic patterns) has been limited by the lack of a
standard case definition. To address this limitation, the Centers for Disease Control and
Prevention (CDC) convened a panel of pediatricians, child maltreatment experts, abusive
head trauma experts, International Classification of Diseases (ICD) coding experts and
experienced state health department personnel in March 2008 to develop ICD code-based
case definitions for both non-fatal AHT (applicable primarily to ICD 9th Revision, Clinical
Modification (ICD-9-CM) coded administrative/billing medical records) and fatal AHT
(applicable primarily to death certificate data) in children <5 years of age. The panel
developed broad and narrow operational case definitions, with the former emphasising
greater sensitivity of case ascertainment and recommended for general population-based
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surveillance and the latter emphasising specificity and recommended for more focused
assessments (eg, individual-level case study).21 We recently published the operational case
definition for fatal AHT applied to national vital statistics data?2 which characterised the
incidence of fatal AHT in children under <5 years old. This analysis applies the panel’s
broad operational case definition for non-fatal AHT to the Nationwide Inpatient Sample
(NIS) database from the Healthcare Cost and Ultilisation Project (HCUP) to characterise the
incidence of non-fatal AHT in children <5 years old and to characterise the epidemiological
and clinical characteristics of the subpopulations at highest risk.

METHODS

This study was based on a retrospective analysis of 6 years (2003-8) of hospitalisation data
using the HCUP-NIS database which is compiled and maintained by the United States
Agency for Healthcare Research and Quality (AHRQ).23 The NIS is a stratified probability
sample of hospitals from the states that submit data to HCUP, and is weighted to support
national estimates. It is the largest inpatient care database that is publicly available in the
USA, containing data on 5-8 million hospital stays per year from about 1000 hospitals
sampled to approximate a 20% stratified sample of US community hospitals. NIS data
represent hospital discharges and not individual persons, so patients with multiple
hospitalisations can be counted a number of times.

For non-fatal AHT, the CDC panel’s broad operational case definition is based on ICD-9-
CM clinical diagnosis and cause-of-injury codes.2* The recommended set of ICD-9-CM
codes for the broad case definition and the division of hospitalisations into two categories of
non-fatal AHTare shown in table 1. Column 2 is a list of ICD-9-CM codes that must be
present in one of the 15 clinical diagnosis fields listed in each hospitalisation billing record
in NIS (see Appendix 1 in online supplement for a description of clinical diagnosis codes).
Column 3 includes External cause-of-injury codes (E-codes) and abuse codes. For each
hospital billing record there must be either one of the listed E-codes in one of the four
external cause-of-injury fields or one of the listed abuse codes in one of the 15 diagnosis
fields (see Appendix 2 in online supplement for a description of E-codes).

Patients aged 0-4 years with head trauma were classified into one of three categories listed
in table 1: definite or presumptive AHT, probable AHT and non-AHT. Each patient was
assigned to a single category in the classification scheme if they had at least one of the
ICD-9-CM clinical diagnosis codes (column 2) and one of the external cause-of-injury or
abuse codes (column 3) listed for that category. Patients with ICD-9-CM clinical diagnoses
code 995.55 (shaken infant syndrome) were directly defined as definite or presumptive AHT
without an accompanying E-code or abuse clinical diagnosis code.

Several exclusions were applied to the data. Unless accompanied by the ICD-9-CM code
995.55 or other abuse clinical diagnosis codes, hospitalisations with missing E-codes were
excluded. E-codes were missing for 9.9% of children aged <5 years and 9.8% of children
aged <2 years. Patients with abuse clinical diagnosis codes 995.50 and 995.59 were also
excluded if they occurred with an unintentional fall-related injury or other unintentional
injury code including ICD-9-CM E-codes EB00-E807, E810-E838, E840-E848, E880-
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E888 and E890-E928 (see Appendix 3 in online supplement for a description of excluded E-
codes). Other excluded conditions and injury mechanisms which can be mistaken for AHT
(but were not accompanied by indications of abuse) were birth trauma (967), congenital
anomalies (740.0-759.9), coagulation defects (286), motor vehicle incidents (E810-E819)
and unintentional gun-related injuries (E922). Patients who died while in hospital were also
excluded from the study. An application of the CDC operational definition for fatal AHT to
US vital statistics data has been previously published.??

Population-based hospitalisation rates for patients with nonfatal AHT were determined by
year, age and sex. Rates, ORs, p values and 95% Cls were calculated using SAS PROC
SURVEYFREQ to account for the sample weights and complex sample design and to
calculate the variances of the estimates. The ORs estimate the odds of a case of a given
variable category (eg, male, summer) being classified as AHT as opposed to non-AHT,
relative to the reference category. All statistical analyses were performed using SAS
Systems for Windows V.9.2.

Using the CDC recommended definition for AHT, there were an estimated 74 233 head
trauma-related hospitalisations among children aged <5 years in the USA during 2003-8. Of
these, 10 555 hospitalisations met the broad CDC operational case definition for AHT
(average of 1759 per year; table 2). Owing to missing E-codes, 8130 potential AHT
hospitalisations were unexplained. Among the AHT hospitalisations, 9595 (90.9%) were
definite or presumptive AHT and 960 (9.1%) were probable AHT. Among all AHT
hospitalisations (both definitive/presumptive and probable), 76.6% (n=1348) occurred
among children <1 year of age compared with 39.3% (n=4167 per year) of non-AHT
hospitalisations (table 2). Among children aged <1 year, the majority of hospitalisations
(66.3%) were at 1-5 months of age with a peak rate of AHT at 2 months of age (182
hospitalisations per year). In contrast, non-AHT among children aged <1 year peaked at 0
months of age (416 hospitalisations per year), predominantly due to falls (81.2%), and
progressively declined with age (figure 1).

Because both our study and previous research show that most hospitalisations for non-fatal
AHT occur in children <2 years of age (table 2 and figure 2), additional analyses were
restricted to that population. Among children <2 years of age, the hospitalisation rate for
both AHTand non-AHT peaked in 2005 (22.0 per 100 000 (95% CI 14.2 to 29.8) and 85.9
per 100 000 (95% CI 59.3 to 112.5), respectively; figure 3). Following that peak the annual
rate of head trauma among children <2 years of age declined slightly, although the decline
appeared to have been more rapid for the non-AHT population (85.9-61.2 per 100 000 (95%
Cl 44.1 to 78.3)) than for the AHT population (22.0-17.1 per 100 000 (95% CI 11.1 to
23.1)).

Overall, for children <2 years of age, slightly more hospitalisations for AHT (60.0%) and
non-AHT (57.6%) were in boys (table 3). Because of the large amount of missing data, we
were unable to calculate rates by race/ethnicity. Among children <2 years of age,
hospitalisations occurred in all calendar months without any clear seasonality for AHT or
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non-AHT (table 3). Compared with non-AHT hospitalisations, the odds of AHT during
summer and autumn (fall) were 0.8 times the odds of AHT during winter months (p<0.005).

In post hoc analyses we found that, among the 9311 AHT hospitalisations of children <2
years of age over the study period, the most frequent injuries were subdural haemorrhage
following injury without mention of an open intracranial wound (42.5%), retinal
haemorrhage (41.2%), fractures of the vault of the skull (27.2%) and closed fractures of the
vault of the skull with subarachnoid, subdural and extradural haemorrhage (14.0%). Abuse-
related codes (995.54 “Child Physical Abuse’ and 995.55 ‘Shaken Infant Syndrome’) were
reported in 36.1% and 35.6% of hospitalisations, respectively. Among the 34 807 non-AHT
hospitalisations in children aged <2 years, 8.0% reported having a subdural haematoma and
1.9% a retinal haemorrhage. In the non-AHT group the most frequent injuries were fractures
of the vault of the skull (40.7%) or fractures of the base of the skull (14.6%). Most injuries
in these two categories were closed head injury without mention of intracranial injury
(800.0, 801.0).

DISCUSSION

This is the first study to apply the CDC’s ICD-based operational case definition for AHT
morbidity to a national dataset. The application of this consensus AHT definition to data
from NIS, a large nationally representative sample, demonstrates a model procedure for
using the definition to track and study AHT, a relatively rare condition with serious and
lifelong consequences.

The CDC recommended that standard non-fatal AHT case definition can help identify
population subgroups at higher risk for AHT requiring hospitalisation by age, sex, race/
ethnicity and seasonality. Our findings indicate that rates of AHT hospitalisations were
highest in children aged 1-5 months and boys.

We observed a slight but statistically non-significant peak in 2005 and fluctuating rates from
2006 to 2008. Despite several post hoc analyses exploring the peak hospitalisation rate for
both AHT and non-AHT in 2005, we were unable to identify any factors that could have
precipitated a rise and fall in incidence in that period. Overlap in the Cls around the annual
rates (not shown) suggests the fluctuation may have been due to chance. The overall non-
fatal AHT-related hospitalisation rate among children aged <2 years (18.7 per 100 000) was
higher than previous studies in which the incidence among this population ranged from 14.0
to 17.0 per 100 000.525 Both previous studies were conducted using state population data
and slightly different case inclusion/exclusion criteria (eg, case definitions contained a less
inclusive list of ICD-9-CM clinical diagnoses and E-codes than the CDC AHT definition).
Similar to that found in the current study, the peak hospitalisation rate for AHT in previous
studies has occurred at 1-4 months.626

Consistent with several other studies, we found that both AHT (60.0%) and non-AHT
(57.6%) were more common among boys, with a frequency of 58.4% in a study of AHT
using Pennsylvania child abuse registry data,® 57.2% in a North Carolina review of hospital
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medical records,2’ 58% in a study of California hospital inpatient data and 67.2% in an
analyses of North Carolina traumatic brain injury registry data.28

Our analyses did not reveal a notable peak in AHT during any season. Findings regarding
seasonality of AHT have been mixed. One study found that children aged <2 years were less
likely to suffer AHT during April and more likely to be injured during August and
October.2% Others have shown a peak hospitalisation rate for AHT during the Thanksgiving/
Christmas holiday months (October—December), especially among children aged <3 years®
or during the summer months among children aged 0-4 years.30 Two of these studies used
state trauma registry data®2% and the third3C used data collected prospectively in paediatric
intensive care units in the UK. We found a slightly higher hospitalisation rate for non-AHT
among children aged <2 years during the summer months. In post hoc analyses we found
that the hospitalisation rate for autumn (fall) and motor vehicle-related injuries peak during
the summer months were possibly due to higher rates of outdoor recreation and vacation-
related travel.

Because ICD-9-CM clinical diagnosis and E-codes are used primarily for administrative/
billing purposes, the validity and reliability of the CDC operational AHT morbidity case
definition needed to be studied. This study demonstrated a suggested procedure for using the
CDC operational case definition for surveillance purposes. Future studies which assess and
demonstrate the validity and reliability of the definition will help to advance the case for its
utilisation.

This study was subject to several limitations. First, because NIS data represent hospital
discharges and not individual persons, patients with multiple hospitalisations could be
counted a number of times. Second, the NIS underestimates the total number of AHT
discharges because it does not include AHTS that are treated in federal hospitals and
outpatient settings or those that do not present for medical care. Third, for those children
aged <1 year, age in days is set to missing in records for a number of hospitalisations
(22.4%) so the number of AHT hospitalisations by month of age for children aged <1 year
could also be underestimated.

A fourth potential limitation is that some AHT hospitalisations may not be identifiable due
to lack of sufficient information to confirm child maltreatment. Furthermore, given the
similarity in the epidemiology of AHT and assault-related non-AHT (traumatic head injuries
that did not have a qualifying AHT clinical diagnosis code but had an assault-related
external cause of injury or abuse code), it is possible that some hospitalisations in the latter
category are misclassified due to incorrect coding of information in the medical record. Due
to missing E-codes, 8130 potential AHT hospitalisations were unexplained. This potential
under-reporting of maltreatment codes has been demonstrated in several previous
studies.3132

If the upcoming transition for ICD-9-CM to ICD-10-CM excludes the ‘shaken infant
syndrome’ clinical diagnosis code, additional hospitalisations may be lost in future analyses.
In ICD-10-CM the code T74.4 (shaken infant syndrome) will not be a billable ICD-10-CM
clinical diagnosis code and will not be used to indicate a medical diagnosis. Instead, three
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sub-codes below T74.4 will be used to describe this diagnosis in greater detail. In the current
study “shaken infant syndrome’ (995.55) was listed in 601 of 1599 (37.6%) definitive AHT
records among children <5 years of age, an average annual hospitalisation rate of 2.9 per
100 000 population. Of the 601 records where shaken infant syndrome was listed, 229
(38.1%) would be reclassified as probable AHT (n=4), non-AHT (n=70) or completely lost
(n=155) as head trauma hospitalisations without 995.55. In summary, 225 of 1759
hospitalisations (12.8%) could be lost as AHT hospitalisations without clinicians being able
to use 995.55 for abusive head trauma. It will be important to address the new structure of
the shaken infant codes in training and planning activities until and after they go into effect
on 1 October 2013.

The degree of variation in rates of AHT hospitalisations across previous studies depending
upon the age of the study population, case definitions and data source point to the need for
some level of standardisation. This study presents results that, with continued application of
the new CDC definition for non-fatal AHT, will help strengthen the degree of confidence in
our understanding of the epidemiology of AHT. Examination of cases along the spectrum of
severity is needed to obtain the most complete picture of groups at highest risk for morbidity
and mortality from AHT. Thus, as a companion to the application of the standard AHT
morbidity definition presented here, similar descriptive analyses of AHT fatalities identified
using the new CDC definition for fatal AHT were conducted and recently published.22

As demonstrated in these analyses and in previous studies, peak AHT hospitalisation rates
occur during the first 3—4 months of life. The previous analyses of AHT fatalities also
indicated a peak in rates in the first 2 months of life.22 This is also the period during which
infants are most physically vulnerable to inflicted injuries. Prolonged, inconsolable and
unpredictable episodes of infant crying are known to coincide with peak hospitalisation rate
for AHT.3334 Thus, prevention efforts currently aim to address educating parents about the
dangers of shaking, strategies for managing infant crying and the benefits of sharing of
preventive information with peers. Prominent examples of these types of educational
programs include the Period of PURPLE Crying and the Upstate New York Shaken Baby
Syndrome Education Program.3536 Both programs are currently being evaluated in North
Carolina and Pennsylvania, respectively, with funding support from CDC. Guidance on
preventing AHT has been fully described elsewhere.37 It is important to note that most (if
not all) AHT prevention efforts are implemented at the regional or state level. The new
operational case definition can be a useful tool for standardising the process of targeting and
possibly evaluating such efforts.

This study also demonstrates significant differences in the epidemiology of non-fatal AHT-
related hospitalisation versus non-AHT-related hospitalisation that could help to inform
paediatricians, public health practitioners and child protective services better and promote
better and comparable research.

This report shows the utility of CDC’S standard AHT definition for public health
surveillance activities. Furthermore, the large number of unknown external causes
underscores the need for better accuracy and specificity and more complete E-coding and
reliable use of child maltreatment codes by healthcare providers and data coders. Together,
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these elements stand to greatly improve research, surveillance and ultimately prevention of
AHT among young children.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on the subject

AHT is the leading cause of physical child maltreatment fatalities. Good
outcomes with little to no impairment or disability are only seen in 10-15%
of survivors.

Surveillance (eg, measuring incidence, examining temporal trends and
demographic patterns) of abusive head trauma has been limited by the lack of
standard case definitions.
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What this study adds

The code-based case definitions for non-fatal AHT in children <5 years of
age which were developed by a Centers for Disease Control and Prevention-
convened expert panel has been successfully operationalised and applied to
US death data.

The proposed definition for non-fatal AHT can be a useful tool for
standardising future public health surveillance activities related to head
trauma in young children.
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Figure 1.
Estimated annual number of cases of non-fatal abusive head trauma (AHT) and non-AHT

hospitalisations by month of age, USA, 2003-8.
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Estimated annual rates of non-fatal abusive head trauma (AHT) and non-AHT
hospitalisations by age based on the CDC expert panel’s operational AHT definition, USA,
2003-8. Error bars represent +SD for each rate.
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Figure 3.
Estimated rates of non-fatal abusive head trauma (AHT) and non-AHT hospitalisations by

year for children aged <2 years, USA, 2003-8. Error bars represent +SD for each rate.
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CDC’s recommended operational case definition based on ICD-9-CMT diagnoses and external cause-of-injury

codes for defining non-fatal abusive head trauma in children aged <5 years

Clinical diagnosis code

External cause-of-injury or abuse
code

Definite or presumptive abusive 781.0-781.4, 781.8, 800, 801, 803, 804.1-804.4, 804.6-804.9,
head trauma 850, 851, 852.0-852.5, 853.0, 853.1, 854.0, 854.1, 925.1,

950.0-950.3, 959.01, 995,55+
Probable abusive head trauma All of those above (except 995.55)

Non-abusive head trauma 781.0-781.4, 781.8, 800, 801, 803, 804, 850, 851, 852, 853,
854.0, 854.1, 925.1, 950.0-950.3, 959.01

E960.0, E967, E968.1, E968.2, E968.8,
E968.9, 995.50, 995.54, 995.59™

E987, E988.8, E988.9

Excluding all those above

*
Excludes cases in the presence of a fall or unintentional injury code: E800eE807, E810-E838, E840eE848, E880eE888 and E890eE928.

TInternational Classification of Diseases, Ninth Revision, Clinical Modification.

¥ . .
Does not require an external cause or abusive code.
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